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(57) Abstract ^ 

A method of obtaining a desired metal, selected from the group consisting of titanium, aluminium, iron, manganese, 
hafhium', zirconium, tantalum, vanadium, uranium and tungsten, winch comprises reacting a haiide of the desired metal 
with an alkali metal reducing agent at a temperature at which the reducing agent is molten, in order to produce the desired 
metal and haiide of the metal reducing agent 



CD*- 

C/>i 




Q 



O 
O 

■o 



FOR mBPURPOSES OF mFORiOATlON ONLY 



Codes used toidentiQr States pafiy to tfaePCTotitlie fimtpages of pamphlets publishing im«nutiot^ 
catioos under the PCX. 



AT 


Atttttb 


GA 


Oiboo 


MR 


Mauritania 


AU 


Aitttialli 




Unitttf JQiigdam 


MW 


Malawi 


B% 


Btrbsdos 


UU 


Hongaiy 


ML 


Ncthgifands 


BE 


Belgluni 


rr 


Italy 


NO 


Norway 


BO 


Bolgaria 


JP 


Japan 


RO 


Riomaxixa 


BB 

cr 


Btazit 


SP 


Dtmocntic People*! Republic 


SD 


Sudan 


Central AlHcan Republic 




<tf KMett 


SE 


Sweden 


CG 


Congo 


KB 


Republic of Korea 


SN 


Senegal 


CH 


SwitzerStnit 


LI 


Liechtenstein 


SU 


Soviet Union 


CM 


Cameroon 


LK 


Sri Lanka 


TD 


Chad 


0£ 


G«iiiiaa)p« Fedenl Riopublic of 


LU 


Luxemibouic 


TG 


ToBO 


DX 


Denmark 


MC 


Monaco 


US 


United States of America 


n 


Finland 


M6 


Madagascar 




m 


France 


ML 


Mall 








wo 8«/070!>7 



PCr/AU85/00ll3 



- 1 - 



1 
2 
3 
4 
5 

6 

7 
8 

9 
10 

11 
12 
13 
14 

15 
16 
17 
18 
19 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
^8 



METAL HALIDE REDUCTION WITH MOLTEN SOOIUM/POTASSIUM ALLOY 

This Invention relates to chemical processes. In 
another aspect this Invention relates to chemical processes 
involving reactive ineta1(s} In the liquid state at 
temperatures and pressures such that the other reactants* 
generally covalent halldes, are present In compact phase. 
I.e. not In the gaseous phase. 

I have found that In chemical processes wherein one of 
the reactants 1s a suitable metal or is a suitable metal 
mixture. In the liquid state, substantial and unexpected 
advantages accrue from employment of the liquid metal In 
considerable stoichiometric excess. Inter alia, the 
' Invention takes advant.age of the extraordinarily high 
capability to transfer heat which Is exhibited by metals In 
the liquid state. The excess liquid metal also functions as 
a materials transfer agent. 

The present Invention provides a method of obtaining a 
desired metal selected from the group consisting of metals 
capable of existing in the form of a compound capable of 
being reduced with a liquid* metal reducing agent which 
comprises a reaction comprising contacting such a compound 
of said desired metal in substantially compact form with a 
liquid metal reducing agent whereby to obtain said desired 
metal . 

Preferably said compound is a covalent halide. 

Preferably said desired metal is selected from the 
group consisting of titaniumt aluminium, iron, manganese, 
hafnium, zirconium, tantalum, vanadium, uranium and 
tungsten* 

In a particularly preferred aspect the present 
Invention provides a method of obtaining a desired metal 
selected from the group consisting of titanium, aluminium. 
Iron, manganese hafnium, zirconium, tantalum, vanadium, 
uranium and tungsten which comprises a reaction comprising 
contacting a halide of said desired metal in substantially 
compact form with a liquid metal reducing agent whereby to 
obtain said desired metal. 

Particular advantage is derived from application of the 
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Invention to recovery of titanium from its tetrachloride 
which 1s directly derivable from ores such as rutile. 

High purity titanium metal is today a strategic 
material, for example in space research and for high speed 
aircraft. It is expensive to produce by conventional means; 
firstly because it is so reactive at hi gh temper at ures, 
especially temperatures greater than 500^C and^ It is 
particulary reactive with respect to oxygen. 

A development of the invention envisages the 
preparation of alloys which are required to be free to 



impurities, particularly oxygen, such as iron titanium and 
titanium iron manganese alloys. Alloys such as these can be 
used to store hydrogen in the form of hydrides and the 
amount of hydrogen which can be stored Is Inversely 
dependant on the amount of oxygon conctam inatlon. 

The alloys referred to above as hydrogen stores may 
provide a satisfactory source of hydrogen for use as a fuel 
for Internal combustion engines and for storage of energy 
via the fully reversible heat of -reaction. 

Oxygen is ubiquitously present In air and water and 
only a few parts per million are required to adversely 
affect the properties of high purity titanium metal and the 
types of alloys mentioned herein. Consequently very special 
techniques are needed to produce titanium metal in oxygen- 
free condition. 

It Is recognized that "commercial pure" titanium 
capitalises upon the presence of Impurity oxygen which is 
controlled, like carbon in steel, to increase the stiffness 
in ambient temperature conditions for corrosion resistant 
duty as In chemical plants. 

Because of the special nature of the covalent titanium 
halide compounds, particularly the chlorides, it is possible 

* 

to purify them entirely from oxygen reasonbly easily and in 
a continuous plant. However* existing processes for recovery 
of titanium metal from the halide invariably result in 
surface contamination from air and/or water arising from 
recovery of the "sponge" from solidified melts. Only 
coarsely crystalline material with low surface/volume ratio 
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1 can be used for high purity metal. Fine titanium adsorbs so 

Z much water and/or air on Its surface that subsequent melting 

3 under argon at rolnlmun pressure to maintain an electric arc 

4 yields a metal Ingot unacceptably high' in oxygen for high 

5 purity metal. Furthermoret fine titanium powder is generally 

6 pyrophoric and must be handled In an Inert atmosphere. 

7 The Invention Is also applicable to the obtaining of 

8 other metals as noted above and of these another 

9 particularly economically significant metal Is aluminium. 

10 However, care needs to be applied in obtaining an anhydrous 

11 hallde and It is desirable that the halide be in liquid 

12 phase. 

13 Manyhalidesmaybeputinllquidphase, if that is not 

14 their normal condition, by heat and/or pressure so as to 

15 liquefy them but It Is also possible to dissolve halides in 

16 inert solvents such as a paraffin or suspend It in a liquid 

17 or even use reactive solvents such as feric chloride and 

18 titanium tetrachloride.. 

19 However, experimental work does show that even if the 

20 hallde is In solid form reaction does occur. 

21 Preferably said liquid raetal reducing agent comprises a 

22 metal selected from the group consisting of Group I metals 

23 or a mixture containing a Group I metal. 

24 Preferably said liquid metal reducing agent Is a 

25 mixture of sodium and potassium alloy. 

26 Said liquid metal reducing agent may contain at least 

27 one of calcium and magnesium. 

28 It is desirable that said reaction is conducted at a 

29 temperature not greater than the boiling point or 

30 sublimation point of the halide under the pressure 

31 pertaining. 

32 It is desirable that said reaction is conducted at a 

33 temperature such that solid by-product halides of said 

34 liquid metal reducing agent are formed. 

35 The reaction is greatly exothermic. When using NaK 

36 alloy in the presence of approximately equivalent amounts of 

37 reactants without cooling, the evoked heat caused the 
.38 reaction to "run away" with a resultant explosion. This is 
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avoided* In accordance with the present Invention, by 
employment of the liquid metal reducing agent In 
considerable excess to transfer the heat to an external 
sink* The excess liquid metal reducing agent not only 
displaces the equilibrium In favour of the reaction; while 



part of the liquid metal reducing agent reacts and ceases to 
be metallic, the excess continues to act as a potent 
reductant but also acts as a highly efficient heat transfer 
medium. In situ, at the actual reactive zone where the heat 
is produced* A high yield of fully reduced desired metal Is 
obtained by operating under these conditions, at a suitable 
reactor temperature. Partially this Is because the strongly 
electro positive liquid metal reducing agent not only acts 
as a carrier and heat transfer medium but also as an 
unrestricted source of electrons by electronic conduction* 
once the covalent bonds of the halide of the desired metal 
are split. Substantially full reduction to desired metal 
occurs. There was no evidence that lesser reduction to 
undeslred metal cations occurs. Working with excess liquid 
metal reducing agent in Intimate contact with a conipa'ct 
phase In contrast to a disperse vapour, "Is an Important 
advance over prior art processes which at low temperatures 
have produced desired metal in low yields, due to partial 
reduction to lower haTldes. 

If desired, heat might be removed from the reaction by 
circulating the liquid metal reducing agent to a cooling 
station but in general the conductivity of the liquid metal 
reducing agent will be effective In carrying heat to the 
wall- of a reaction vessel from which heat may be removed. 

In one instance at least portion of said liquid metal 
reducing agent is circulated between the reaction vessel and 
reaction product removal station whereby to convey reaction 
products away from said reaction vessel. 

Preferably said liquid metal reducing agent is present 
in stoichiometric excess. 

Preferably said desired metal that is produced is 
removed from said reaction with the liquid metal reducing 
agent and Is thereafter separated from by-product halldes of 
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1 said liquid metdl reducing agent and from the liquid metal 

2 reducing agent. 

3 The operating pressure of the process should preferably 

4 be maintained by rare gas, e.g. argon, the current economic 

5 choice. 

6 The process according to the Invention may be carried 

7 out continuously and in such case excess liquid metal may be 

8 employed as a carrier to remove the reaction products at low 

9 temperature from the reaction vessel to suitable filters, 

10 screens, decantation vessels and/or centrifuges or vacuum 

11 distillation stages. A liquid slurry of the liquid metal 

12 reducing agent and reaction products will flow and can be 

13 pumped by known means. 

14 The product salts (sodium chloride and/or potassium 

15 chloride) may be separate:d from the much heavier desired 

16 metal powder in a centrifuge* and the excess sodium, 

17 potassium or NaK alloy may then be centrifuged or filtered 

18 from these separately. Finally the residual NaK metal may, be 

19 evaporated under high vacuum from the titanium powder after 

20 particle modification if desired, in a higher temperature 

21 loop. 

22 In general, complete removal of liquid metal reducing 

« 

23 agent halides from liquid metal reducing agent which is to 

24 be reused is not considered essential as such halides 

25 probably act as seeds for reaction initiation. 

26 Anhydrous ammonia will be found useful in removing 

27 traces of liquid metal reducing agent from desired mental. 

28 Preferably said reaction is initiated by liquefying 

29 said halide and, if necessary, a precursor material in solid 

30 form of said liquid metal reducing agent. 

31 It is possible to pass liquid sodium metal 

32 CO un te rc urre nt to by-product halides of said liquid metal 

33 reducing agent wherbey to regenerate potassium metal from 

34 potassium chloride, 

35 For high purity compact product metal, powder produced 

36 by the process of the present invention is preferably 

37 directly melted by the electron beam technique* which avoids 
^8 the contamination experienced in the use of electric arcs on 
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1 water washed metal powder or that which has been exposed to 

2 the air. An electric arc must have a minimum amount of gas 

3 present to ionise* and will not operate in an ultra high 

4 vacuum that would strip all gases off hot surfaces. In 

5 conventional arc processes argon or helium atmospheres are 

6 employed but the absolute pressure necessary prevents good 

7 stripping of air and water vapour form the washed metal 

8 powder. 

9 Electron beam melting is generally becoming the 

10 preferred compacting means in rare and contami natable metal 

11 technology, for example that of titanium, hafnium, 

12 zirconium* tantalum and tunsten. 

13 Thus in a preferred embodimeivt of the invention, metal 

14 powder from which the residual NaK alloy has been 

15 evaporated, is fed directly into the melting electron beam 

16 without ever Having been exposed to air or water. In these 

17 circumstances small particle size ts advantageous. Also 

18 electroslag melting may be applicable. 

19 • In another embodiment powder suitably conditioned. In a, 

20 hot loop may be released to ambient and handled 

21 conventionally for use in powder metallurgy or for hydrogen 

22 storage as hydride. Treatment with an alcohol or ketone has 

23 been found to reduce and In some cases eliminate pyrophoric 

24 problems. 

25 Because liquid sodium reduces potassium from its molten 

26 salts (cf vice versa in aqueous media), no difficulty In 

27 keeping potassium captive in the system is anticipated. In 

28 one proposed embodiment of the invention, for continuous 
29. production of titanium, liquid Na metal from, ah electrolytic 

30 reduction cell would enter the process counter current to 

31 outgoing mixed product NaCl and KCl stream. This counter 

32 current contacting, with sufficient heat and mass transfer 

33 stages, would both retain the K in the system and conserve 

34 the heat. 

35 Then overall the feed to the process would be, TiCl4 

36 and Na metal and the products, be Ti metal and HaCl which 

37 latter could be recycled directly to an electrolytic cell 
138 from which In turn Cl^ would be available either to an 
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1 Integrated TiCI^ production plant or for sale according to 

2 economics of procurement of TiCI^ and titanium source 

3 materials, e.g. ruti 1e plus carbon, at the plant site. For 

4 economic reasons site melted Na brought Into the site, may 

5 be better than recycle to an integrated electrolytic ce 1 1 1 

6 without affecting the generality of the principle of captive 

7 K, which essentially removes its cost from the economics of 

8 production, this being essentially tied to TiCl4 and Na in 

9 and Ti + NaCl out of the essential process. Similar 

10 considerations apply to other desired metals. 

11 EXAMPLE 1 

12 Titanium metal was recovered from TICI4 by reaction 

13 with a large excess of NaK alloy. 

14 The apparatus incorporated means for evacuating the 

15 system to below 10 microns of mercury; a supply of inert 

16 gas; the means for external heating and cooling a reactor, 

17 with a heat transfer medium inert to NaK. The reactor was 
IB made of pyrex glass so that the reaction mixture was clearly 

19 visible. A stirrer totally isolated from ambient was built 

20 into the reac±or, and means for sampling 'while stirring 

21 while under inert gas or vacuum were provided. Safety of 

22 operation was a paramount consideration. 

23 The stirrer was adjustable and made of nickel tubing, 

24 as it is known that nickel is an Inert reaction vessel 

25 material for the preparation of titanium from its chlorides. 

26 As autocata lys 1 s may be Important in the mechanism, 

27 facilities were provided for both nickel and titanium 

28 propellers on the stirrer. 

29 The reactor was made of pyrex glass, surrounded by a 

30 pyrex glass jacket through which high flash point, low 

31 viscosity oil was pumped to either heat or cool the 

32 reactants. The jacket. In particular the base, was designed 

33 to maintain high heat transfer rates at the vessel walls. 

34 Inside the reactor, the stirred liquid NaK alloy itself 

35 constituted an excellent heat transfer medium. On one side 

36 of the vessel was provided a connection to a burette 

37 containing TICI4, and on the other side a vent to a mercury 

38 lute. A sampling probe was also provided. 
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1 A thermocouple was connected Into the cooling systm at 

2 the point. where the o11 leaves the glass Jacket surrounding 

3 the reactor. 

4 The lute provided was adapted to vent to atmosphere any 

5 pressure surge which may occur In the systen. yet allow a 

6 high vacuum to be applied to the system. 

7 Argon gas was used as the protective. gas« as Is 

8 customary the preparation of titanium, but facilities for 

9 using nitrogen were also built into the system. The argon 

10 used was a commercially pure grade, and was purified of any 

11 traces of water vapour and oxygen before admission following 

12 evacuation. 

13 The titanium tetrachlorf de used was. laboratory reagent 

14 grade, which was distilled tn an atmosphere of nitrogen 

15 before use« the boiling range 133°C to 136°C being 

16 collected. 

17 60/40 mole Z NaK sodium-potassium alloy was prpared. 30 

18 g (1020 milllmoles) of the alloy was charged into the 

19 reactor via a No. 3 porous filter disc, u^der the cover of 

20 argon gas, and the tetrachloride was placed l^n a burette 

21 which had a fitting' to connect It to the reactor. 

22 The stirrer was set running and 2»00 ml. (T8 

23 ml.lllrooles) of TiCl4 was added to the alloy- The reaction 

24 mixture was stirred vigorously. The top layer of alloy 

25 became darker and went through a wide range of colours; 

26 gold, blue, pink and green all being noticeable. Then 

27 another l.?0 ml (11 milllmoles) of TICI4 was added and once 

28 again many colours were visible, then 70 seconds after th6 

29 addition, there was a flash of light, and a recorder showed 

30 a rapid O.S^C Increase fn the temperature of cooling fluid 

31 from about 25^C« A dark grey substance was now seen Inside 

32 the apparatus Intermixed with the liquid metal. There was 

33 evidence of a considerable Increase In the viscosity of the 

34 excess liquid metal. 

* 

35 The whole system was evacuated to remove any remaining 

36 TICI4 (none was found In subsequent tests on the cold trap 

37 washings). To facilitate analysis of the products* two lots 
08 of 25 ml. of ethanol (436 mi 1 1 Imol es each) were added to 
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1 destroy the alloy. 

2 When all the alloy was destroyed, suction was applied 

3 to a saraple probe Inserted into the reactor and as much 

4 material as possible was withdrawn into the filter. The 

5 solid's were filtered and washed with ethanol and then dried 

6 under vacuum. The reaction vessel also contained a quantity 

7 of rather finer solids and these were also collected and 

8 washed with ethanol, but kept separate from the coarser 

9 samples. The two samples were extracted with hot water, and 

10 after drying, the mass of water-insoluble material was 1.53 

11 Qi 1.12 g from the coarse sample and 0.41 g from the fine 

12 sample. 

13 Metallurgical examination indicated that both samples 

14 after the above treatment comprised non-pyrophori c titanium. 

15 For purpose of examination, they were dissolved in hot 

16 dilute sulphuric acid, precipitated with ammonia and ignited 

17 to TiOg. The yield was close to theoretical, 

18 EXAMPLE II 

19 The. procedure of Example I was repeated excepting that 

20 AICI3 was used in lieu of TiCl4, 

21 Aluminium metal was produced although yields were low 

22 and reaction times long probably due to the fact that the 

23 A1C13 remained in solid state throughout the process; the 

24 apparatus used being Incapable of holding the pressure 

25 necessary to liquefy AICI3 under the temperatures that were 

26 practical. 

27 EXAMPLE III 

28 While the process exemplified in Example II proved the 

29 process of this invention as applicable to aluminium, 

30 further experiment was made to Improve yields by conducting 

31 the process inside a sealed bomb so as to ensure 

32 liquefaction of A1C13. 

33 30g of a 60/40 mole % NaK sodium - potassium alloy was 

34 charged into a bomb under inert atmosphere conditions and 

35 lOgm of dry freshly prepared AICI3 was also charged into the 

36 bomb under inert atmosphere conditions, 

37 The bomb was sealed and heated to 300^C and maintained 
^8 at that temperature for 15m. 



wo 86/07097 PCT/AU85/001 13 

- 10 - 

1 After cooling, the bomb was unsealed under an Inert 

2 atmosphere and the NaK alloy was destroyed and product metal 

3 was extracted similarly as In Example I» 

4 A yield of aluminium of 80% of theoretical was 

5 obtained. 

6 This example Indicates the desirability of the hallde 

7 being In liquid phase, 

8 By the use of the exemplary processes we can provide a 

9 pure metal such as titanium, aluminium or an alloy such as 

10 TIFe suitable for the new hydride storage technology or 

11 other metals or mixtures of metals for which truly anhydrous 

12 halides are preferred. 
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1 CLAIMS 

Z 1. A method of obtaining a desired metal selected from the 

3 group consisting of metals capable of existing In the form 

4 of a compound capable of being reduced with a liquid metal 

5 reducing agent which comprises a reaction comprising 

6 contacting such a compound of said desired metal in 

7 subs tantia n y compact form with a liquid metal reducing 

8 agent whereby to obtain said desired metal. 

9 2. A method as claimed in claim 1, wherein said compound 
10 1s a covalent halide, 

^1 3. A method as claimed in claim 1, wherein said desired 

12 metal is selected from the group consisting of titanium. 

13 aluminium. Iron, manganese, hafnium, zirconium, tantalum, 

14 vanadium, uranium and tungsten, 

4. A method of obtaining a desired metal selected from the 

16 group cons Is ti ng 0 f t1 tani urn, aluminium. Iron, manganese, 

17 hafniumv zirconium, tantalum, vanadium, uranium and tungsten 

18 which comprises a reaction comprising contacting a hallde of 

19 said desired metal in substantially compact form with a 

20 liquid metal reducing agent whereby to obtain said desired 

21 metal. 

22 5. A method as claimed in claim 4, wherein said desired 

23 metal Is titanium. 

24 6. A method as claimed In claim 4, wherein said desired 

25 metal is aluminium. 

26 7. A method as claimed in claim 4, wherein the hallde Is 

27 an anhydrous halide. 

28 8. A method as claimed in claim 4 wherein the hallde is In 

29 liquid phase. 

30 9. A method as claimed In claim 8, wherein the hallde is 

31 In solution. 

32 10. A method as claimed in claim 8, wherein the halide is 

33 in suspension. 

34 n. A method as claimed in claim 8, wherein the hallde Is 

35 In liquefied form. 

36 12. A method as claimed 1n claim 4, wherein the halide is 

37 in solid form. 

^38 13. A method as claimed in any preceding claim wherein 
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T said 11q.ufd metal reducing agent comprises a metal selected 

2 from the group consisting of Group I metals or a mixture 

3 containing a Group I metal. 

4 14. A method as claimed In claim 13* wherein satd liquid 

5 metaT reducing agent is a mixture of sodium and potassium 

6 alloy. 

7 15. A method as claimed In cTalm 13^ wherein said liquid 

8 metal reducing agent addition alloy Includes at least one of 

9 calcium and magnesium. 

10 16. A method as claimed In any preceding claim wherein 

11 said reaction 4s conducted under substantially anhydrous 

12 conditions. 

13 17. A method as claimed in claim 4, wherein said reaction 

14 Is conducted at a temperature and pressure such that the 

15 halide and said liquid metal reducing agent are maintained 

16 in liquefied form. 

17 18. A method as claimed In claim 17, wherein said reaction 

18 is conducted at a temperature not greater than the boiling 

19 .point or sublimation point of the hallde under the pressure 

20 pertaining. 

21 19. A method as claimed In claim 17, wherein said reaction 

22 Is conducted at a temperature such that solid by-product 

23 halldes of said, liquid metal reducing agent are formed. 

24 20. A method as claimed In any preceding c1 a1 m , ' wherel n 

25 said reaction is conducted under substantially oxygen free 

26 conditions. 

27 21. A method as claimed In any preceding claim which is 

28 conducted In a reaction, vessel and wherein at least a 

29 portion of said liquid metal reducing agent is circulated 

30 between the reaction vessel and a reaction product removal 

31 station whereby to convey reaction products away from said 

32 reaction vessel. 

33 22. A method as claimed In any precedfn^g claim, wherein 

34 said liquid metal reducing agent is present in 

35 stoichiometric excess. 

36 23. A method as claimed In any preceding claim wherein said 

37 reaction Is effected under an inert atmosphere. 

^8 24. A method as claimed in claim 4, wherein said desired 
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metal that fs produced Is removed from said reaction with 
the liquid metal reducing agent and Is thereafter separated 
from by-product halldes of said liquid metal reducing agent 
and from the liquid metal reducing agent. 

25. A method as claimed In any preceding claim wherein said 
reaction Is Initiated by liquefying said hallde and. If 
necessary, a precursor material In soUd form of said liquid 
metal reducing agent. 

26. A method as claimed in claim 14. comprising passing 
liquid sodium metal countercurrent to by-product haltdes of 
said liquid metal reducing agent thereby to regenerate 
potassium metal from potassium chlorldee 

27. A method as claimed In any preceding claim. Including 
applying an alcohol or a ketone to the desired metal that Is 
produced prior to exposing It to ambient atmosphere. 

28. A method of producing a metal substantially as 
hereinbefore described with reference to any one of the 
Examples. 

29. The articles, things, parts, elements, steps, features, 
methods, processes, compounds and composftions referred to 
or Indicated In the specification and/or claims of the 
application Individually or collectively, and any and all 
combinations of any two or more of such. 
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